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Introduction: Adolescent idiopathic scoliosis (AIS) is a three-dimensional spinal 
deformity involving the side-to-side curvature of the spine in the coronal plane 
and axial rotation of the vertebrae in the transverse plane. For patients with a 
severe or rapidly progressing deformity, corrective instrumented fusion surgery is 
performed. The wide choice of implants and large variability between patients 
make it difficult for surgeons to choose optimal treatment strategies. As a result, 
implant failure rates approach 20% for adolescent spinal deformity surgery. We 
are developing computer modelling techniques which allow a finite element (FE) 
model of an individual patient’s spine and ribcage to be created. This paper 
describes the modelling techniques employed and the results of preliminary 
analyses predicting the surgical outcomes for a series of AIS patients. 
 
Methods: FE models representing the osseo-ligamentous anatomy of the 
thoracolumbar spine and ribcage were generated using low-dose computed 
tomography (CT) data acquired pre-operatively for each patient. User-defined 
anatomical landmarks on the spine and ribcage were used to reconstruct the 
bony anatomy and to define ligament attachment points. Material properties for 
the spinal tissues were based on data from literature for adult bone and 
ligamentous tissues (Little and Adam, 2011). The anterior single rod correction 
procedure involves attaching a metal rod to the spine using screws inserted into 
the vertebral bodies. The rod and screws were simulated using material 
parameters for titanium. Loading conditions representing the surgical 
compressive forces applied across each fused spinal joint were simulated using 
in vivo data measured intra-operatively by Fairhurst et al (2011). Model 
predictions for deformity correction were compared with clinical data for each 
patient.  
Results: The model predictions for deformity correction (Cobb angle) were within 
the clinically accepted measurement variability for four of the five patients. 
Potential for tissue overload due to failure of the screw-bone interface was 
predicted at vertebral levels towards the apex of the instrumented deformity.  
 
Discussion: The ability of the surgeon to correct spinal deformity whilst avoiding 
surgical complications requires a complex balance between the applied 
corrective forces (ie. too much force may result in surgical complications such as 
screw pullout) and the degree of deformity correction achieved. Attaining this 
equilibrium is a complex biomechanical challenge. The simulations presented in 
this study are an initial step toward development of a computational tool to 
predict surgical deformity correction and ultimately to assist surgeons in 
achieving an optimal correction for an individual patient with a minimum of 
complications. This study highlights the importance of not only patient-specific 
anatomy and material parameters, but also patient-specific data for the clinical 
and physiological loading conditions experienced by the patient. 
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